Bilateral olfactory bulb ablation resulted in increased handling reactivity, and decreased open-field ambulation and intraspecific aggressiveness in male and female hamsters. Bulbectomy-induced increases in handling reactivity were greater in female than in male hamsters. However, bulbectomy-induced deficits in open-field ambulation and aggressive behavior were greater in males than in females. Bulbectomy-induced increases in handling reactivity were transient in both males and females. Furthermore, bulbectomized females regained preoperative levels of open-field ambulation by the second postoperative week. In contrast, bulbectomized males exhibited levels of open-field ambulation that were below preoperative levels in all but the third postoperative week. In bulbectomized males, aggressiveness was suppressed for the duration of postoperative testing.
Olfactory bulb ablation has been found to alter both social and nonsocial behaviors in several rodent species. Social behaviors that are altered by bulbectomy include sexual behavior in male mice (Rowe & Edwards, 1972) , rats (Bermant & Taylor, 1969 ; Heimer & Larsson, 1967) , and hamsters (Murphy & Schneider, 1970) ; sexual behavior in female mice and rats (Edwards & Warner, 1972; Moss, 1971) ; and aggressive behavior in male mice (Ropartz , 1968; Rowe & Edwards, 1971 ) and hamsters (Murphy & Schneider, 1970) . Among the nonsocial behaviors that have been found to be affected by bulbectomy are active and passive avoidance learning in rats (Sieck, 1972; Sieck & Gordon, 1972 , 1973 , open-field activity in rats (Sieck, 1972) , running-disk activity in hamsters (Borer, Powers, Winans, & Valenstein, 1974) , and handling reactivity in rats (Douglas, Isaacson, & Moss, 1969) and hamsters (Goodman & Firestone, 1973) .
In some instances, the nature of the behavioral change produced by bulbectomy appears to be a function of the sex of the bulbectomized animal. Thus, while bulbectomy produces a deficit in the sexual behavior of male rats (Bermant & Taylor, 1969; Heimer & Larsson , 1967) , in female rats bulbectomy has been reported to facilitate the hormonal induction of sexual receptivity (Edwards & Warner, 1972; Moss, 1971) . A similar situation appears to exist in hamsters in which bulbectomy has been reported to abolish sexual behavior in males (Murphy & Schneider, 1970) , while having little or no influence on sexual receptivity in females (Carter, 1973; Leonard, 1972) .
There have been few experimental efforts aimed at This experiment was part of a thesis submitted to Illinois Institute of Technology by William N. HUger in partial fulfillment of the requirements for the MS in psychology . Reprint requests should be addressed to Frank A. Rowe. determining whether or not there are sex differences in the influence of bulbectomy on nonsocial behaviors and on social behaviors other than mating behavior . The present experiment was designed to investigate the influence of olfactory bulbectomy on handling reactivity and open-field ambulation in male and female hamsters. Furthermore, since hamsters of both sexes exhibit a propensity to fight, we examined the influence of bulbectomy on intraspecific aggressive behavior in male and female hamsters. Although there is evidence indicating that bulbectomy reduces aggressiveness in male hamsters (Murphy & Schneider, 1970) , reports of the effects of bulbectomy on aggressive behavior in female hamsters are contradictory . Leonard (1972) reported that bulbectomy attenuated the increase in aggressiveness normally seen in female hamsters following copulation and during lactation. However, Carter (1973) failed to observe any effect of bulbectomy on postcopulatory increases in aggressiveness in female hamsters.
METHOD

Materials and Procedure
SUbjects for this experiment were male and female golden hamsters obtained from a commercial supplier (A. R. Schmidt, Madison, Wisconsin) . All animals were approximately 60 days old at the start of the experiment. Upon their arrival at the laboratory, all hamsters were housed individually in cages (30.5 cm') constructed of Novaply with hardware cloth tops. Cage floors were covered with San-l-<:el bedding, and food, water, and paper toweling for nest material were available ad lib. A reversed Iight-dark cycle (12 h light-I 2 h dark) was in effect in the colony room, and all behavioral tests were conducted during the first half of the dark phase of the cycle.
Each animal received 4 weeks of preoperative testing. In each of these weeks, behavioral tests were conducted according to the following schedule: 1st and 2nd days, handling reactivity ; 2nd and 3rd days, open-field ambulation; 4th and 5th days, aggression testing. All animals were weighed each week following the first test of handling reactivity.
Handling reactivity. The handling reactivity test was a modified version of the test developed by King (1958) for use with rats. The test consisted of rating each of five response categories on a four-point scale. The response categories were : (1) response to a presented object (pencil), (2) resistance to capture, (3) resistance to handling, (4) urination and defecation, and (5) cataplexy. For each category, a score of one indicated minimal responsiveness, while a score of four indicated maximal responsiveness. On a given day, each animal's scores on all response categories were summed to yield a single handlingreactivity score for that day. Each week, an animal's handling reactivity was expressed as the average of the total scores from the two tests for that week.
Open-field test. Open-field testing was conducted on a 91.5 cm 2 plywood platform having walls 30.5 cm high. The platform was painted white and was divided by black lines into squares 22.9 cm on a side. Each open-field test lasted for 5 min and consisted of placing an animal in one corner of the platform and recording the number of squares it completely traversed in the allotted time. Before each animal was tested, the platform was wiped down with a cloth dampened with a dilute vinegar solution to minimize the influence of odors left by the preceding animal. Each week, an animal's open-field ambulation was expressed as the average number of squares traversed in the two tests for that week.
Aggression test. Tests of aggressive behavior were conducted in 5-gal glass aquariums (30.5 x 20.3 x 30.5 cm high), the floors of which were covered with San-I-Cel. Each test of aggression was 10 min long and consisted of pairing an experimental animal with a gonadally-intact, group-caged stimulus animal of similar weight (±5 g). During each test, the frequency with which the experimental animal initiated the following behaviors was recorded: (I) investigation, in which the experimental animal brought its nose into contact with any part of the body of the stimulus animal; (2) wrestling, in which the experimental and stimulus animals were in physical contact and were rolling about on the floor of the test cage without biting; (3) attack-chase sequences, in which the experimental animal made a biting attack on the stimulus animal, which fled and was pursued by the experimental animal; (4) fighting, similar to wrestling, except that there was conspicuous biting of the stimulus animal by the experimental animal; (5) marking, in which the experimental animal rubbed its flank glands on the walls of the test cage; and (6) self grooming.
If aggression was assessed only in homosexual encounters, it is conceivable that differences in aggressiveness between male and female hamsters might reflect sex differences in the aggression-eliciting properties of the stimulus animals. Therefore, in the present experiment, one half of the experimental' animals encountered a stimulus animal of the same sex in the first week of aggression testing, a stimulus animal of the opposite sex in the second week, and so on. The remaining half of the experimental animals encountered stimulus animals of the same and opposite sex in the reverse order. If an experimental female happened to be in heat on a day that she was scheduled for a test of aggression, the test was postponed for 24 h. Similarly, stimulus females were not used in aggression tests when they were in heat.
At the conclusion of the fourth week of preoperative testing, hamsters of each sex were allocated randomly to one of the following surgical treatments: bilateral olfactory bulb removal, unilateral olfactory bulb removal, or sham surgery. All surgery was performed while animals were anesthetized with 90 mg/kg bwt of sodium pentobarbital preceded by an injection of atropine sulphate. Olfactory b!lib removal was accomplished by .aspiration, and details of the surgical procedure have been described elsewhere (Rowe & Edwards, 1972) . There were six males and six females in each surgical condition.
Behavioral testing was initiated 48 h after surgery and was continued for 4 weeks. The scheduling of weekly tests of handling reactivity, open-field behavior, and aggressive behavior was identical to that described for preoperative tests, as was the order of presentation of same and opposite sex stimulus animals in the tests of aggressive behavior. Animals were coded in such a manner that the person conducting the behavioral tests was unaware of the surgical condition to which each animal belonged.
Following the last postoperative test of aggressive behavior, all bilaterally and unilaterally bulbectomized animals were perfused intracardially with physiological saline followed by 10% formalin. Brains were removed from the skulls, and the extent of olfactory bulb damage was assessed by examining 20 micra horizontal sections stained with cresyl violet.
RESULTS
Handling Reactivity
Initially, female hamsters scored higher than males in preoperative tests of handling reactivity. However, hamsters of both sexes showed decreases in handling reactivity from the first to the fourth preoperative week. By the fourth preoperative week, there were no differences in handling reactivity among males and females that were allocated to the different surgical conditions. Bilateral olfactory bulb ablation resulted in increased handling reactivity scores in both male and female hamsters (F = 5.05, df= 2/30, P < .05), the magnitude of the increase being greater in bilaterally bulbectomized females than in similarly treated males. In contrast to bilateral bulbectomy, unilateral bulbectomy and sham surgery had no influence on handling reactivity in male or female hamsters. The effect of bilateral bulbectomy on handling reactivity was transient. By the second pair of postoperative tests (Postoperative Days9 & 10) , and in all subsequent tests, handling reactivity scores of bilateral males and females approximated the scores obtained by unilaterally bulbectomized and sham-operated animals of the same sex. Table 1 summarizes the handling reactivity data for males and females in each surgical condition.
Open-field Behavior
Preoperatively, there were no differences in open-field ambulation among male and female hamsters assigned to the different surgical conditions. Postoperative tests of open-field ambulation were conducted on the 3rd and 4th days after surgery, and at weekly intervals thereafter for the duration of the experiment. of both sexes more often than did females (F = 80.33, df = 1/30, p < .01). Furthermore male hamsters investigated stimulus females more often than they investigated stimulus males in preoperative encounters (F = 6.55, df= 1/30, P < .05). On the other hand, female hamsters investigated stimulus animals of both sexes equally often prior to surgery (Table 2) .
Bilateral olfactory bulbectomy resulted in a significant reduction in the number of investigatory contacts initiated by male hamsters, and the reduction was most evident when males were paired against stimulus females (F = 4.21, df= 1/30, P < .05).
Consequently, in postoperative encounters, bilateral males investigated stimulus males and stimulus females equally often. Unilateral bulbectomy and sham surgery had no influence on the number of investigatory contacts initiated by male hamsters in either homosexual or heterosexual encounters, and males in these groups continued to investigate stimulus females more than they investigated stimulus males.
No changes were observed in the number of investigatory contacts initiated by female hamsters in homosexual or heterosexual encounters as a consequence of any of the surgical treatments. In postoperative tests, female hamsters continued to investigate stimulus animals of both sexes equally often.
Wrestling and fighting. In the present experiment, episodes of wrestling often culminated in a brief fight. That is, after a brief period of wrestling without biting, the experimental animal often bit the stimulus animal. Furthermore, in some instances, it was difficult to determine whether or not biting did, in fact, occur as the experimental and stimulus animal wrestled. For these reasons, wrestling and fighting were scored as a single response category .
Preoperatively, approximately equal numbers of male and female hamsters initiated at least one episode of wrestling or fighting with stimulus animals of each sex. However, female hamsters initiated these behaviors more frequently than did males, regardless of the sex of the stimulus animals (F = 5.52, df= 1/30, P < .05).
None of the surgical treatments influenced either the number of female hamsters that initiated wrestling or fighting, or the frequency with which they initiated these behaviors (Table 2) . However, bilateral bulbectomy reduced the number of male hamsters that initiated wrestling or fighting in encounters with stimulus males. Furthermore, bilaterally bulbectomized males that contmued to initiate these behaviors in homosexual encounters tended to do so less often than in preoperative tests. Although bilateral bulbectomy did not influence the number of males that initiated wrestling or fighting with stimulus females, bilateral males did tend to initiate these behaviors less often than in preoperative encounters.
While sham operations had no influence on the incidence of wrestling or fighting in male hamsters, unilateral bulbectomy resulted in a significant increase in the frequency with which male hamsters initiated these behaviors (F = 3.82, df= 2/30, P < .05). The increase in wrestling and fighting was most evident when unilaterally bulbectomized males were paired against stimulus males; however, the influence of sex of the stimulus animal was not statistically reliable.
Attack-chase sequences. Preoperatively, attack-chase sequences were seen infrequently in male and female hamsters. Postoperatively, unilaterally bulbectomized and sham-operated animals of both sexes showed slight increases in the frequency with which they initiated attack-chase sequences against stimulus animals of both sexes. On the other hand, bilaterally bulbectomized males initiated fewer attack-chase sequences than they did preoperatively, and the reduction in the frequency of occurrence of this behavior was particularly evident when bilateral males were paired against stimulus males. Bilaterally bulbectomized females also showed a reduction in the number of attack-chase sequences that they initiated against stimulus males. However, bilateral bulbectomy did not appear to influence the number of attack-chase sequences initiated by female hamsters in homosexual encounters (Table 2) .
Marking, self-grooming, and body weight. Male hamsters marked more often than did females in both preoperative and postoperative tests of aggressive behavior, and the frequency with which males marked was not influenced by the sex of the animal that they were paired against. Most female hamsters never exhibited marking in this experiment. Bilateral olfactory bulbectomy resulted in a reduction in the frequency with which males marked when in the presence of both male and female stimulus animals. However, the influence of bilateral bulbectomy on marking in male hamsters was not statistically reliable.
Male hamsters groomed themselves more often than females prior to surgery, although this difference was not statistically reliable. Bilateial bulbectomy resulted in a slight reduction in the frequency with which male hamsters groomed.
At the beginning of the experiment, there were no differences in body weight among males and females assigned to the different surgical conditions. None of the surgical conditions influenced weight gain in either males or females, and all hamsters were heavier at the conclusion of the experiment than at its inception. At the conclusion of the experiment, females tended to weigh more than males; however, this difference was not statistically reliable.
Histology
All bilaterally bulbectomized hamsters exhibited complete removal of the main and accessory olfactory bulbs. In three cases (one male and two females) there was slight, unilateral damage to the frontal cortex. In most unilaterally bulbectomized males and females, all of one main and accessory olfactory bulb had been removed . There was no evidence of cortical damage in unilaterally bulbectomized hamsters, and damage to the remaining olfactory bulb was infrequently observed.
DISCUSSION
In the present experiment, bilateral 01 factory bulb ablation resulted in increased handling reactivity and decreased open-field ambulation and intraspecific aggressiveness in both male and female hamsters. Bulbectomy·induced increases in handling reactivity were greater in female than in male hamsters. However, bulbectomy-induced deficits in open-field ambulation and agonistic behaviors tended to be greater in males than in females.
Our observation that bilateral bulbectomy produced greater changes in handling reactivity in female hamsters than in males is in accord with observations regarding the influence of bulbectomy on handling reactivity in male and female rats. Richman, Gulkin, and Knoblock (1972) reported that fewer of their male rats showed dramatic increases in handling reactivity following bulbectomy than did female rats in a prevIOus experiment (Douglas et aI., 1969) . In the present experiment, bulbectomy-induced increases in handling reactivity were transient. This observation is in accord with a previous report that, with daily handling, bilaterally bulbectomized female hamsters exhibited preoperative levels of handling reactivity by the end of the first postoperative week (Goodman & Firestone, 1973) . However, our results suggest that extensive daily handling is not necessary for reducing handling reactivity in hamsters of either sex. All of our bulbectomized hamsters exhibited preoperative levels of handling reactivity by the beginning of the second postoperative week, even though they had received only two tests of handling reactivity in the preceding week.
Although both male and female hamsters showed a dramatic reo duction in open-field ambulation following bilateral bulbectomy, both the magnitude and duration of the deficit were greater in males than in females. To the extent that ambulation in an open field reflects an animal's general activity level, our data are in accord with Borer et al.'s (1974) observation that bilateral bulbectomy reduced running-disk activity in male and female hamsters. However, behavior in an open field has been reported to be influenced by an animal's emotional responsiveness, and its propensity to explore a novel environment (Whimbey & Denenberg, 1967) . To the extent that increased handling reactivity is indicative of increased emotional reactivity, our data are consistent with observations that suggest that emotionality and open-field ambulation are negatively correlated (Denenberg, 1964; Whimbey & Denenberg, 1967) . In the present experiment, there were no procedures for directly assessing exploratory tendencies in hamsters before and after surgery. However, it is conceivable that open-field behavior in male hamsters is more subject to the influence of bulbectomy-induced changes in both emotionality and exploratory drive than is open-field behavior in female hamsters.
Bilateral olfactory bulb ablation reduced the frequency with which male hamsters investigated stimulus animals of either sex. This observation, along with reports that anosmia produced by destruction of the olfactory epithelium reduced social investigation in male hamsters (Devor & Murphy, 1973) , suggests that social interactions among hamsters are largely dependent upon olfactory stimuli. However, the fact that bilaterally bulbectomized males initiated fewer investigatory contacts with conspecifics than unilaterally bulbectomized and sham-operated males need not be totally a consequence of the fact that bilateral males were deprived of olfactory stimuli emanating from conspecifics. In addition to anosmia, changes in the investigatory behavior of bilaterally bulbectomized males could be a consequence of changes in emotionality, exploratory drive, and/or general activity level, reflecting the loss of nonsensory influences of the olfactory bulbs on other forebrain structures (Cain, 1974) . Similarly, the observation that bilateral bulbectomy resulted in male hamsters investigating stimulus males and females equally often could indicate that a male hamster's ability to distinguish between male and female conspecifics is dependent upon olfactory cues. However, it is conceivable that male hamsters can distinguish the sex of conspecifics on the basis of nonolfactory stimuli and that bilateral bulbectomy abolishes a male hamster's preference for females. Which, if either, of these alternatives is the case remains to be determined.
It should be pointed out that our criterion of an investigatory contact did not differentiate between behaviors such as sniffing and licking. Thus, we do not know if compensatory increases in the occurrence of the latter behavior are important for the persistence of some investigatory behavior in bilaterally bulbectomized male and female hamsters.
Although bilateral bulbectomy reduced the frequency of occurrence of wrestling, fighting, and attack-chase sequences in male hamsters, in most instances these behaviors were not completely abolished. In this respect, male hamsters differ from male mice, in which bilateral olfactory bulbectomy has been reported to completely abolish intraspecific aggression in most instances (Denenberg, Gaulin-Kremer, Gatidelman, & Zarrow, 1973; Ropartz, 1968; Rowe & Edwards, 1971) . Although bilaterally bulbectomized male hamsters continued to display some aggressive behaviors, there did appear to be a difference between the behavioral context out of which aggressive acts arose before and after surgery. Preoperatively, agonistic behaviors almost always arose out of investigatory contacts initiated by the experimental males. However, following bilateral bulbectomy, males typically initiated aggressive acts only in response to the approach of the stimulus animals. The fact that our bilateral males initiated aggressive acts only in response to contacts initiated by the stimulus animals is in accord with a previous report that bulbectomized male hamsters performed aggressive acts only when attacked by other hamsters (Murphy & Schneider, 1970) .
Bilateral olfactory bulb ablation had a minimal influence on aggressive behavior in female hamsters. This observation, and observations regarding the influence of bilateral bulbectomy on the display of sexual receptivity in female hamsters (Carter, 1973; Leonard, 1972) suggest that the olfactory bulbs are of relatively little importance for the display of social behaviors in female hamsters.
The. present data raise two issues regarding the behavioral changes observed following bulbectomy. The first issue is concerned with whether or not behavioral changes observed following bulbectomy are a consequence of having rendered animals anosmic, or are a consequence of neurophysiological changes resulting from the disruption of olfactory bulb connections with other regions of the brain. The authors know of no data regarding the influence of peripherally-induced anosmia on open-field arnbulation in rodents. However, anosmia produced by destruction of the olfactory mucosa has been reported to have no influence on handling reactivity in rats (Cain & Paxinos, 1974) . While peripherally-induced anosmia has generally failed to mimic the effects of bilateral bulbectomy on social behaviors in several rodent species (Cain & Paxinos, 1974; Edwards, Thompson, & Burge, 1972; Powers & Winans, 1973; Rowe & Smith, 1972) , in male hamsters anosmia produced by destroying the olfactory bulbs might contribute heavily to deficits in aggressive behavior. This possibility is indicated by the observation tha t zinc-s ul pha te-ind uced anosmi a red uced aggressiveness in male hamsters (Devor & Murphy, 1973) .
The second issue raised by the present data concerns the nature of the neurophysiological deficit underlying behavioral changes produced by bulbectomy. Conceivably, bulbectomy-induced changes in both social and nonsocial behaviors could be manifestations of a common neuro' physiological deficit. For example, Cain (1974) has recently proposed that many of the behavioral deficits seen following bulbectomy are a consequence of bulbectomy-induced changes in the excitability of other limbic forebrain structures. On the other hand, complete bilateral destruction of the olfactory bulbs could result in the disruption of several neural mechanisms, each of which is normally involved in the mediation of only one or a few behaviors. The latter possibility gains plausibility from observations indicating that complete and subtotal olfactory bulb ablations produce different behavioral effects (Sieck & Gordon, 1972) . Whether or not social behaviors such as sex and aggression can be differentially influenced by destruction of discrete areas within the olfactory bulbs remains to be determined.
